Warfare of the information era is heading from platform-centered to network-centric, and the traditional command and control models are "Chimney" structure, which are incapable to meet the flexibility required in military actions of the 21st century [1] [2] [3] . The proposed networked C2 structure, which is composed of a C2 capacity array and a task array, based on the long chain system in industry, aims to fill the gap. This article lucubrates two typical systems, the long chain system (LCS) and 3-chain system (3CS), to explore how they perform when meet the diversified tasks. In this paper, we set the C2 capacity array as a normal distribution to meet the tasks which obeys two different distributions, normal and poisson distribution, respectively. By the research we find that: (1) System 3CS is always better than LCS when meets different distributions of tasks, (2) The networked C2 structures are capable of changeable tasks, and they are a little bit suitable for combat mission of normal distribution when C2 capacity obeys normal distribution.
INTRODUCTION
With a rapid development of practical combat technology in information age, the combat tasks (also known as requirements or demands) become more complex, while the capacity of command and control processes remain in a certain degree. We must enhance the flexibility of C2 (command and control) process to adapt to the change. In the preceding study, we put forward networked C2 systems to fill the gap, which cite the concept of long chain in industry, and come up with the long chain system and 3-chain system. We do the networked work between C2 processes, while OODA model is taken as an example, and combat tasks. Figure 1 shows the OODA model, proposed by John Boyd in 1987 [5, 8] . It contains four separate stages, which has capacity to finish combat tasks. In the OODA process, each warring side observes the surrounding environment, orients the relevant information, decides the suitable strategy, and acts the actual operations. We make assumptions for OODA processes:
(1)There are n types of OODA model and each process with a combat capability C[i].
(2)There are n types of combat tasks, and each task has T[i] combat requirements. (3)Each combat task is independent from others, while they are finished by the same cost and gain equal benefit. Considering the practical condition of combat missions, we set the C2 capacity array C[n] to a stable array that obeys normal distribution with the mean 100 µ = and the variance Δ=20 [7, 9] . Then, we want to know that which kind of distribution of tasks can the C2 capacity of normal distribution match with much higher efficiency?
In authors' previous research, C2 capacity array and combat requirements array are both set as normal distribution, which is ideal but single setting. And a serious of empirical studies demonstrate the performance of the long chain system when combat requirements array obeys a distribution of two-point and uniform [10] [11] [12] [13] . In this paper, we extend to the 3-chain system, and we set the tasks as array that obeys normal or poisson distribution considering randomness of the combat missions [14] . Therefore, this article studies two following questions:
(1) How do the two typical networked C2 systems, long chain and 3-chain system, perform when meet changeable tasks?
(2) Is it the normal distribution or the poisson distribution of tasks the C2 capacity of normal distribution can match with much higher efficiency?
The contribution of this paper is that we take the randomness of distribution of combat mission into account, thus we explore how the networked C2 systems perform when the tasks array obeys different distributions. In this paper, we set the C2 capacity array as a normal distribution to meet the tasks which obeys two different distributions, normal and poisson distribution, respectively.
The rest of the paper is organized as follows. In section 2 we propose the definitions and typical systems of the networked C2 structure [6] . Section 3 introduces four indicators to measure the effectiveness of C2 structure [16] . Experiments and comparative analysis are launched in section 4. In section 5, we give suggestions suitable to different conditions.
DEFINITION OF THE NETWORKED C2 STRUCTURE
In this section, we give the definitions and typical systems of networked C2 structure, based on the OODA process. We call a group of OODA processes a group of C2 units and they are capable to provide C2 resource to meet the corresponding tasks, while tasks are diversified and independent of each other. In the system, each C2 process is capable of capacities to meet various tasks while each task can be achieved by not only one C2 unit, that's the concept of networked C2 structure (known as system).
Consider a balanced system consisting of a task array (named T) and a C2 capability array (named C) of size n , while balance means that the system of each stage has the same size.
Definition of The 2-stage C2 System
Define a 2-stage system, where T is the operational tasks array, C is the capability array, R is a relational matrix. If capability j C has the ability to perform the task i T , then; otherwise. Obviously, the networked degree of C2 structure is higher with the increase of. Both of them are sparse flexibility systems, and are expected to meet more needs with less cost. The traditional "chimney type" structure, the R of which is a unit matrix, has the lowest networked degree. Obviously, the full flexibility system has the highest networked degree of C2 structure, where whatever i and j are.
Typical Structures of 2-stage Systems
Considering a 2-stage system of operational requirements T and C2 processes C, we present four typical 2-stage networked systems when n=6 in Figure 2 Figure 2 shows the traditional combat mode, and we call such one-to-one correspondence system a dedicated system.
(2) The full flexibility system (FFS): Figure 3 demonstrates that the FFS which has the largest networked degree. It means that each type of C2 structure has operational capabilities to finish all tasks, and each type of tasks can be met by any C2 process. (3) The long chain system (LCS): Figure 4 depicts the long chain system, where the relational matrix R meets that if or, then and, otherwise. The degree of each node is 2, indicating that each type of C2 process has two operational capabilities, and each type of operational requirements can be met by two C2 process. (4) The 3-chain system (3CS): Figure 5 interprets that the 3-chain system, where R meets that if, or, then, and, otherwise. The degree of each node is 3, indicating that each type of C2 process has three operational capabilities, and each type of operational requirements can be met by three C2 process. System LCS and 3CS are sparse flexibility systems, and both of them are expected to meet more needs with less cost.
EVALUATION INDICATORS FOR C2 STRUCTURE EFFECTIVENESS
In this section, we propose four evaluation indicators to evaluate a balanced 2-stage system ζ . As we can see, all 2-stage systems can be considered as a matching relationship between a tasks array and a C2 capacity array.
(1) Let ( ) n ζ Z * denote the maximum amount of the operational requirements provided by the system ζ :
Where, n is the size of system ζ , is the number of realized operational requirements i provided by C2 process j, j C is the total capacities consumed by C2 process j and i T is the realized demand of operational requirement i . 
( )
4) Let ACE(n) denote the extent of the improvement accrued by ζ , vis-a-vis the dedicated system and normalized by the maximal possible improvement attained by the full flexibility system. The efficiency of system ζ becomes closer to the full flexibility system when ACE(n) is closer to 100%.
QUANTITATIVE ANALYSIS OF 2-STAGE SYSTEMS
We make an introduction of experimental conditions and results in this section.
Experiment Setting
Considering the practical size of cooperative engagement degree, we set the simulation scale as n=10~55 and then take n=10, 15 
denote the operational requirements of the n tasks. We assume that each requirement consumes one unit of capacity.
In this paper, C is set to a random array that follow a normal distribution where the mean value Experiments are conducted on the two typical networked C2 systems, the long chain system and the 3-chain system. Besides, we take the average of 200 groups of experiments as the evaluation index.
Figures 2-5 show system DS, FFS, LCS, 3CS, respectively. Let sum_DS, sum_FFS denote the total number of realized requirements provided by the dedicated and the full flexibility system respectively. It is easy to see that
In the experiment, we take greedy algorithm as matching algorithm, where the tasks is satisfied in turn [10, 18] .
The Simulation Conditions and Results
We evaluate the C2 system when combat tasks array obeys normal distribution and poisson distribution, respectively. Figure 6 (a)(b)(c) demonstrates the AP, CE and ACE gained by different systems when tasks array T obeys normal distribution. Figure  7 (a)(b)(c) demonstrates the AP、CE and ACE gained by different structures when tasks array T obeys poisson distribution. Besides, sumd, sumc2, sumc3 and sumf are the AP of the dedicated, long chain, 3-chain and full flexibility system, respectively. We gain the analysis results from Figure 6 , when tasks array obeys normal distribution:
(1) We can see from Figure 6 (b) and Figure 7 (b), weather tasks array obeys normal or poisson distribution, the networked C2 systems, the LCS and the 3CS, perform well, with a better efficiency than dedicated system, achieving 99% of the efficiency of the full flexibility system.
(2) Figure 6 (a),(b) and Figure 7 (a), (b) show that the 3CS has a better value of AP and CE than the LCS, indicating that the 3CS can reach a more close efficiency of the FFS than the LCS, both when the tasks array obeys normal and poisson distribution.
(3) Figure 6 (c) and Figure 7 (c) demonstrates that the 3CS has a higher ACE than the LCS, indicating that 3CS is better than LCS regardless of the distribution of tasks. (a) Long chain system (b) 3-chain system Figure 9 . ACE value of networked C2 system of LCS and 3CS when tasks array obeys Poisson distribution or normal distribution. Figure 8 and Figure 9 demonstrate the CE and ACE value of value of networked C2 system of LCS and 3CS when tasks array obeys poisson distribution or normal distribution. Figure 8 and 9 show that the efficiency of LCS and 3CS is higher when tasks array obeys normal distribution than when it obeys poisson distribution, regardless of the degree of networked. What's more, we can see from Figure 8 that both when tasks array obeys normal and poisson distribution, the networked C2 systems can reach a CE value above 99%, indicating that the networked C2 systems have high flexibility to meet the changeable tasks in practical battlefield.
CONCLUSION
In this paper, we lucubrate the networked C2 systems, which aim to improve the flexibility of the C2 processes in face of protean tasks. We set the experiment, where C2 capacity obeys normal distribution where the mean value Comparing the results of experiment, we find that: (1) The two typical networked C2 systems, LCS and 3CS, have high efficiency, regardless of weather tasks array obeys normal distribution or poisson distribution. But we can see that 3CS gains a little bit higher efficiency than LCS, indicating 3CS is closer to the efficiency of FFS. (2) Although the situation when tasks array obeys normal distribution perform a little bit better than it obeys poisson distribution, in both of the two situations, the networked C2 systems are capable of high flexibility to meet the changeable tasks.
In military applications, commanders have to make tradeoffs between operational cost and structure flexibility to select a more suitable networked system. According to the solution of this paper, it is better to take 3CS when we need a higher efficiency of system, with a higher cost of structure. And there will be more studies about the relationship between the efficiency and the size of system.
